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（Functional analysis of stalled-ribosome rescue factors in bacteria and mitochondria） 
 
 
             








本研究室では，これに対し YaeJ 蛋白質による tmRNA 非依存的な翻訳停滞解消機構の









訳停滞解消因子として機能していることが明らかにされた（Richter et al. EMBO. 2010）。
本研究室では NMR 法によって ICT1 の立体構造を明らかにすると共に，その発現抑制が
培養細胞の増殖およびミトコンドリアの機能に大きな影響を与えることを示した（Handa 
et al. J. Mol. Bio. 2010）。ミトコンドリアには tmRNAは存在しないので，ICT1が唯一の
翻訳停滞解消因子と思われたが，驚くべきことに GGQ モチーフをもつもう一つの翻訳停

































Ribosomes often stall when translating irregular mRNAs, such as a nonstop mRNA 
generated by abortive transcription by RNA polymerase, or RNA digestion by RNase These stalled 
ribosomes would be deleterious for cells if left uncorrected, therefore all bacteria have at least one 
system to release such stalled ribosomes. The trans-translation system is mediated by 
transfer-messenger RNA (tmRNA) associated with SmpB. This system contains a mechanism of 
incomplete protein degradation, in which a tag peptide encoded by tmRNA is added to the 
C-terminus of the growing polypeptide, and the resulting tagged protein is immediately degraded by 
several tag-specific proteases. This process consequently promotes ribosome recycling and 
truncated mRNA degradation, and prevents accumulation of potentially deleterious truncated 
polypeptides during normal cell growth. 
Recent in vivo and in vitro experiments using Escherichia coli have revealed that another 
stalled-ribosome rescue factor is the YaeJ protein, which contains a Gly-Gly-Gln (GGQ) motif that 
is invariably conserved in the catalytic domain (domain 3) of the class I polypeptide chain release 
factors (RFs). YaeJ homologs have been identified in many Gram-negative bacteria, with some 
exceptions such as Thermus thermophilus, but not in Gram-positive bacteria. In vitro translation 
experiments using the E. coli-based reconstituted cell-free protein synthesis system have revealed 
that YaeJ can hydrolyze peptidyl-tRNA on ribosomes stalled on not only nonstop mRNAs but also 
mRNAs containing a cluster of rare codons that extend downstream from the P-site (Handa et al. 
Nucleic Acids Res. 2011). This hydrolysis is achieved by using the GGQ motif residues as a 
catalytic site in the same manner as RF. In addition, sucrose density gradient centrifugation analysis 
has shown that YaeJ is more commonly associated with 70S ribosomes than with the 50S or 30S 
subunits. 
YaeJ homologs are also found in most eukaryotes, from yeast to humans. Release factor 
assays using E. coli S30 fractions rich in ribosomes have shown that ICT1, the human homolog of 
YaeJ, has codon-independent peptidyl-tRNA hydrolysis (PTH) activity via the GGQ motif, although 
there are no direct comparisons of ICT1 and YaeJ activity (Richter et al. EMBO. 2010). Depletion 
of ICT1 using siRNA results in a reduction of mitochondrial protein synthesis, leading to a loss of 
cell viability as well as mitochondrial dysfunction (Handa et al. J. Mol. Bio. 2010). These findings 
indicate that ICT1 also functions as a stalled ribosome rescue factor in mitochondria. Recently, it 
was reported that the C12orf65 protein having the GGQ motif is a new member of ribosome rescue 
factors. Loss-of-function mutation in a nuclear gene, c12orf65, encoding a mitochondrial matrix 
protein in two unrelated pedigrees caused a decreased in the levels of the oxidative phosphorylation 
(OXPHOS) complexes, leading to encephalomyopathy (Antonicka et al. Am. J. Hum. Genet. 2010). 
Two different 1-bp deletions in c12orf65, both of which result in the same premature stop codon, 
severely affect mitochondrial translation, resulting in significant decreases of the OXPHOS 
complexes I, IV, and V, and a smaller decrease of complex III.  
First, to identify residues required for YaeJ function, I performed mutational analysis for in 
vitro PTH activity towards rescue of ribosomes stalled on a nonstop mRNA, and for ribosome 
binding efficiency. I focused on residues conserved among bacterial YaeJ proteins. YaeJ and a 
human homolog, ICT1, had similar levels of PTH activity, despite various differences in sequence 
and structure. While no YaeJ-specific residues important for PTH activity occur in the structured 
GGQ domain, Arg118, Leu119, Lys122, Lys129, and Arg132 in the following C-terminal extension 
were required for PTH activity. All of these residues are completely conserved among bacteria. The 
equivalent residues were also found in the C-terminal extension of ICT1, allowing an appropriate 
sequence alignment between YaeJ and ICT1 proteins from various species. Single amino acid 
substitutions for each of these residues significantly decreased ribosome binding efficiency. These 
biochemical findings provide clues to understanding how YaeJ enters the A-site of stalled 
ribosomes.  
Next, I examined the effect of siRNA-mediated knockdown of C12orf65 on mitochondria 
in HeLa cells using flow cytometry. Knockdown of C12orf65 resulted in increased ROS production 
and apoptosis, leading to inhibition of cell proliferation. Substantial changes in mitochondrial 
membrane potential and mass in the C12orf65-knockdown cells were observed compared to the 
control cells. These results indicate that the function of C12orf65 is essential for cell vitality and 
mitochondrial function. Whereas similar effects were observed in ICT1-downregulated cells, there 
were significant differences in the range and pattern of the effects between C12orf65- and 
ICT1-knockdown cells, suggesting different roles of C12orf65 and ICT1 in rescuing stalled 
mitoribosomes. 
 
